Objective : The diagnosis of shunt malfunction can be challenging since neuroimaging results are not always correlated with clinical outcomes. The purpose of this study was to evaluate the efficacy of a simple, minimally invasive cerebrospinal fluid (CSF) lumbar tapping test that predicts shunt under-drainage in hydrocephalus patients. Methods : We retrospectively reviewed the clinical and radiological features of 48 patients who underwent routine CSF lumbar tapping after ven triculoperitoneal shunt (VPS) operation using a programmable shunting device. We compared shunt valve opening pressure and CSF lumbar tap ping pressure to check under-drainage. Results : The mean pressure difference between valve opening pressure and CSF lumbar tapping pressure of all patients were 2.21±24.57 mm H 2 O. The frequency of CSF lumbar tapping was 2.06±1.26 times. Eighty five times lumbar tapping of 41 patients showed that their VPS function was normal which was consistent with clinical improvement and decreased ventricle size on computed tomography scan. The mean pressure dif ference in these patients was -3.69±19.20 mmH 2 O. The mean frequency of CSF lumbar tapping was 2.07±1.25 times. Fourteen cases of 10 pa tients revealed suspected VPS malfunction which were consistent with radiological results and clinical symptoms, defined as changes in ventricle size and no clinical improvement. The mean pressure difference was 38.07±23.58 mmH 2 O. The mean frequency of CSF lumbar tapping was 1.44±1.01 times. Pressure difference greater than 35 mmH 2 O was shown in 2.35% of the normal VPS function group (2 of 85) whereas it was shown in 64.29% of the suspected VPS malfunction group (9 of 14). The difference was statistically significant (p=0.000001). Among 10 patients with under-drainage, 5 patients underwent shunt revision. The causes of the shunt malfunction included 3 cases of proximal occlusion and 2 cases of distal obstruction and valve malfunction. Conclusion : Under-drainage of CSF should be suspected if CSF lumbar tapping pressure is 35 mmH 2 O higher than the valve opening pressure and shunt malfunction evaluation or adjustment of the valve opening pressure should be made.
INTRODUCTION
In communicating hydrocephalus, ventriculoperitoneal shunt (VPS) is the treatment of choice. Unfortunately, shunt malfunction within 2 years following surgery is reported up to 31% 5, 8) . The diagnosis of shunt malfunction can be chal-https://doi.org/10.3340/jkns.2016.0404.002 lenging since neuroimaging evaluation is not always correlated with clinical outcomes. Cranial computed tomography (CT) often reveals the persistent distension of the cerebral ventricles in clini cally improved patients 9, 10) . Invasive cerebrospinal fluid (CSF) dynamic tests have been recommended by neurosurgeons 16) to evaluate shunt malfunction.
The CSF shunt tap is another shunt malfunction diagnosis method but it still remains controversial among neurosurgeons 13) . Therefore, the diagnosis of shunt malfunction remains difficult.
The purpose of this study was to evaluate a simple, minimally invasive CSF lumbar tapping test that predicts underdrainage in hydrocephalus patients with programmable valve shunting devices. 
MATERIALS AND METHODS

From
CSF tapping method
Patients were asked to lie in a supine position and bed-rested for about 30 minutes to rule out positional intracranial pressure change. Then, the position was changed to the lateral recum bent position and Tuffier's line was marked. The skin was pre pared using aseptic technique and CSF tapping was performed at the level of L1-2 to L5-S1 1) .
Definition of valve opening pressure and CSF lumbar tapping pressure difference
We defined pressure difference as positive if CSF lumbar tap ping pressure is higher than set valve opening pressure and negative if CSF lumbar tapping pressure is lower than set valve opening pressure. Table 2) . Receiver operating characteristic analysis (ROC) was performed to get the best cut-off value of pressure difference. ROC analysis of pressure difference showed that the area under the curve was 0.91 and the cut-off value was 37.50 with sensitiv ity of 64.3% and specificity of 98.8% (Fig. 1) .
Case illustration
A 68 year old female patient with SAH due to ruptured aneu rysm at right internal carotid artery and superior hypophyseal artery junction developed communicating hydrocephalus 2 months after craniotomy and aneurysm neck clipping opera tion. VPS operation was performed and preoperative lumbar tapping pressure was 160 mmH 2 O. The ini- CT scan ning demonstrated a normal sized ventricle (Fig. 2) . . Alternatively normal ventricular size is not enough to rule out shunt malfunction when there is no clinical improve ment 17) . CSF dynamic tests are made possible through previ ously inserted subcutaneous reservoir prechamber type shunt valve. The results of the tests in patients underwent VPS have been proved to be effective to rule out shunt malfunction and recommended by some neurosurgeons 9, 12, 16) . But the test remains invasive and requires special equipment as well as demands highly skilled technique 16) .
DISCUSSION
Sakka et al. 15) suggested otoacoustic emission test which is a noninvasive test for VPS functionality but this test is not famil iar to neurosurgeons and its efficacy is questionable.
Pennell et al. . Therefore, there is a risk or possibility of overdrainage 2, 7) . In some patients, CSF lumbar tapping pressure was higher than the set valve opening pressure which suggested that either they were on bed rest or the VPS was par- . The use of programma ble shunt devices offers many advantages in the management of patients with hydrocephalus because they are noninvasive adjust able-pressure valve systems 3) . 
Limitation
There are several limitations in this study. Most importantly, this retrospective study was conducted by reviewing medical records, and the patients who underwent CSF lumbar tapping were only included in the analysis. Thus, it is possible that some patient with shunt malfunction may have not included. The heterogeneity and the small number of the subjects were also a limitation. Therefore, a prospective study with a larger sample is needed to draw a firm conclusion.
CONCLUSION
Lumbar tapping pressure measurement is an easy and less in vasive method to diagnose VPS malfunction. In conclusion, un der-drainage of CSF should be suspected if CSF lumbar tapping pressure is 35 mmH 2 O higher than the valve opening pressure and shunt malfunction evaluation or adjustment of the valve opening pressure should be made.
